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A b s tr a c t : Thermo-acoustical parameters of rare earth metals and reference 
materials are evaluated in terms of the coefficient of expansivity, on the assun^p- 
tion that the Moelwyn-Hughes Parameter is the dominant factor. The Moelwyn- 
Hughes parameter has been utilized to establish a simple relationship between 
the lattice Gruneisen parameter, Rao's acoustical parameter, Beyer's non­
linearity parameter and the molecular constant. An attempt has also been made 
to correlate these parameters with the free volume of the molecule, the repulsive 
exponent and the isochoric acoustical parameter. All these parameters are 
interrelated with the Moelwyn-Hughes parameter only. Sharma's parameter has 
been found to be approximately constant in the case of the rare earth metals and 
reference materials.
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I . Introduction
The Gruneisen param eter is an im portant q u an tity  of current interest fo r studying  
th e  internal structure, m olecular order and other therm o-acoustic  parameters o f 
liq u id s  (S la te r 1939 , W a rfie ld  and H artm ann 1 9 7 3 , Sharm a 1 9 8 5 ) and polymers  
(Sharm a 1 9 8 2 , 1 9 8 3 a , R eddy et al 1 9 8 7 ). M an y  w orkers have s tu d ied  th e  therm o­
acoustic  properties in th e  case o f liq uefied  gases (Rao 1 9 4 1 ), m olten  m etals  
(Sharm a 1 9 8 1 ) and some polym ers (Sharm a and R eddy 1 9 8 4 ). In  th e  case o f rare 
earth  m etals and reference m ateria ls  only  does the m icroscopic G runeisen param eter 
vary from  19 to  2 7 6  (in  th e  present s tu d y ), w h ile  it is constant in th e  cases o f 
liq uefied  gases and m olten  m etals. Th is  param eter, w id e ly  used in eq u atio n  of
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state  ca lcu la tio n s , serves as an e ffec tive  g u id e  in d eterm in ing  th e  m echanism  o f 
u ltrason ic  absorption  in polym ers, and also in estab lish ing  a corre la tion  w ith  the  
results o f phonon-phonon in teraction  absorption. Som e m athem atical re lationships  
are a lso  ava ilab le  fo r  ca lcu la tin g  th e  G runeisen param eter. The m odel proposed by 
Sharm a (1 9 8 3 b ) have been used in th e  present study for ca lcu la ting  th e  Gruneisen  
param eter.
in  th e  present paper, th e  authors a im  to  exam ine and analyse th e  various  
possib le relationsh ips betw een  th e  M o e lw y n -H u g h e s  param eter, th e  m icroscopic  
Gruneisen param eter, R ao 's  acoustical param eter and B eyer's  n o n -lin earity  para­
m eter. M an y  o ther th erm o-acou stic  param eters are in terre lated  through one and  
o n ly  one param eter, nam ely th e  M o e lw y n -H u g h e s  param eter. Such analysis is not 
found  so far in th e  lite ra tu re  in the case o f rare earth  m etals and reference m ateria ls . 
The present s tu d y  dem onstrates th e  im portance o f M o e lw y n -H u g h e s  param eter in 
evaluating  various th erm o -aco u stic  parameters o f rare earth  m etals and reference 
m aterials.
2. Theoretical
The la ttice  G runeisen param eter r  can be defined  as (S la te r 1 9 3 9 , D ug d a le  and 
M acD o n a ld  1 9 5 3 )
r= .- (d ln i^ /SlnV)  (1)
V is th e  anharm onic ity  o f norm al m ode frequency o f la ttic e  v ib rations w ith  m olar 
volum e V.
For th e  liq u id  sta te , M o e lw y n -H u g h e s  and Rao defined  th e  param eters as  
(M o e lw y n -H u g h e s  1 9 5 1 , Rao 1 9 4 1 )
Ci = 01n /9/a InV) (2)
K = - ( a  In U /a  in V) (3 )
w here /3 is th e  co m p ressib ility  a t ab so lu te  tem perature T and U is th e  b u lk  sound  
ve lo c ity .
For polym ers, Sharm a (1 9 8 1 )  related  T , K and C f  as
r = K  =  ( C , - m  (4 )
In term s o f linear therm al expansiv ity  (<c), Sharm a (1 9 8 1 ) derived th e  relations  
vi/ith th e  assum ption  th a t polym ers as q uas i-so lid s  as
C i  =  [ ( l 3 ) / 3 - K < T ) - ‘ + ( 4 / 3 ) ( * T ) ]  (5 )
r =  K =  [ ( 5 /3 )  +  (2 < T ) -  » +  ( 2 /3 ) ( * T ) ]  (6 )
The above re la tio n s  are c learly  kn o w n  w ith  the v ie w  o f H artm ann (1 9 7 9 )  th a t th e  
anharm o nic ity  o f in term olecu lar p otentia l w h ic h  g ives  rise to  a vo lum e dependence
o f  noo iM l m ode f r e q w c /  i*  > '«>  * "  “ P ® * '” " -  « » inter.
relationship betw een «c and F  is not strange.
According to  Sharma (1 9 8 3 a ), the three dim ensionless anharm onic param eters  
r. r  and r" are related as fo llo w s .
r . - r ' + r "  (7)
w here r  and T " are isothermal and isobaric G runeisen param eters respectively. 
The d e ta ils  o f the relations are described e lsew here (Sharm a 1 983a ).
The param eter F "  is a negative q uan tity  for polym ers and a pos itive  quan tity  
for liqu ids (Sharma 1 9 8 3 b ). I t  can be w ritte n  as
r " = - ( ( X - T ) / T )  (8 )
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w here
and
X ^[2 + (<T)-M-2<)(VCJ-i ]
y -  - 2 <
(9)
( 10)
In  the above relations V is th e  reduced volum e, and th e  o ther sym bols have th e ir  
usual significance.
Recently Sharm a (1 9 8 3 b ) proposed a relation betw een Beyer's param eter of 
nonlinearity  (B 'A), the M o e lw yn -H u g h es  (C ^ ) and R ao's  acoustical param eters  
(K) as
w here
C i - ( 6 / A ) „  +  1 : - ( 2 r + 1 )  
(B/A)o =  C , - 1




Here m and n are respectively the exponents describ ing th e  m agnitude o f attractive  
and repulsive forces o f th e  m olecules. (B /A )„ is th e  value o f (B /A) corresponding  
to  th e  vo lum e Vo.
I f  m ^ 6 ,
3 [ ( B /A ) o - 3 ]  =  n =  2 [ C , - 4 ]  (1 4 )
The above relation s ign ifies  the in term olecular force through the-repu ls ive exponent 
n w h ic h  plays a v ita l ro le  in estab lish ing  a close relationship  betw een th e  anhar­
m onic and nonlinear properties.
K =  r = [ ( V „ / V ) - 1 ]  (1 5 )
=  [ ( C x - 1 ) / 2 ]  (1 6 )
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where V» «s the tree volume ot the molecules and V is the tota l volume.
Sharm a (1 9 8 3 c , d ) has in troduced tw o  dim ensionless param eters, So and S ' as
So=8(3+4<T)=38S^^ ^^ 7)
S = [ 1 + ( ( 4 / 3 ) < T ) ]  (1 8 )
w here 8 is th e  isochoric acoustical param eter and it  can be com puted as fo llo w s
8 =  -  [ 2 + ( * T ) - H -  2 * K V ^ x) - ^ T ] 
2 (1 9 )
The m olecular constant (r )  can be calcu lated  using the value o f S as fo llo w s  
(Sharm a 1983b , 1 9 8 3 f)
r = PJe=(1-8)-i (20)
w here P« and e are th e  in ternal pressure and cohesive energy density.
Eqs. (4 ) , (9 ) , (1 1 ) , (1 6 )  and (1 9 )  involve the M o e lw yn -H u g h es  parameter C^. 
It  show s th e  im portance o f in evaluating  various therm o-acoustic  parameters. 
As show n b e lo w , can be expressed in m any w ays  w h ich  dem ostrate h o w  
sim ply C l  is related to  other param eters (R eddy et ol 1 9 8 7 ).
Cx =  [ (1 3 /3 )  +  (< T> -^  +  (4 /3 ) (< T ) ]  (2 1 )
C i - 2 r + 1  or C i = 2 K  +  1 (2 2 )
=  (B + A )o -I-1 or (n - l-1 2 ) /3  (2 3 )
- 2 ( V ; V . ) - 1  o r i + 2 [ r ' - t - r " ]  (2 4 )




S = ( T / ( V ) ‘' i ) [ 2 < + 1 / T ]
r = -  1
1 - ( r ; ( V ' ) ‘'^ ) [ 2 < - M /2 ]
K, (B;A)o, n, (V /V „), 8, ( r  + r " )  and r are related d irec tly  w ith  the M o e lw y n - 
Hughes param eter only.
3. Results and discussion
Values o f T ,  C^, (B /A ), (Va/V), 8, n and r are com puted u tiliz in g  th e  above relations. 
X , y . S ' and S„ are evaluated  through the equations given by Sharm a (1 9 8 3 c , d ). 
The eva luated  thernro-acoustic parameters for the rare earth m etals and reference 
m aterials are presented in Tables 1 and 2 . The necessary d a ta  relevent to  the  
present w o rk  is taken from  th e  litera ture  (Narayana and S w am y 1978 , W h ite  
1 973 ). The present treatm ent has the great advantage o f ca lcu la ting  various
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parameters which describe the thermo-acoustic properties of polycrystailine solids 
employing only the expansivity data. The reference and rare earth metals are 
readily available in high state of purity (Narayana and Swamy 1978, White 1973) 
and some of the physical properties of these elements have not been determined 
accurately. It may be observed from Tables that values vary from 40 to 555 for 
the materials studied. The values of X  are negative and is found to be constant 
( ~ 2 .0 X  10'®) in the present study. However, the values of X  vary from 1 .5 x 10“ ® 
to 2.3 X 10“ ® in the case of polymers (Reddy et cl 1987, Sharma 1983b). The 
present values of (B/A)o for these materials are different from those of fluoro-carbon 
fluids (Sharma 1983e), polymers and organic liquids (Reddy et al 1987, Sharma 
1983b). The fractional free volume (V/V^), Sharma's thermo-acoustical parameters 
So and S' are also presented in the Tables 1 and 2. It may be noted that in the 
case of rare-earth metals and in reference materials, lanthanum and iridium have 
highest r ,  C^, B A, n and r because of the lowest «t value. The higher values ofj n 
in this study is due to the strong anisotropic and anharmonicity nature of w e  
materials. This is in good agreement w ith the view of Soczkiewiez (197/^). 
The isochoric acoustical parameter 8 is found to be constant (0.36) in the present 
study. The magnitude of the (Vo/V) values in these materials is very less than that 
for hydrocarbon liquids (Soczkiewiez 1977), polyatomic ionic liquids (Sharma 
and Reddy 1985) and polymers (Reddy et al 1987). It may be interesting to note 
that So ~  1.1, and S ~  1.0 on the average. A careful observation of the results 
reveals that an approximate relationship between molecular constant (r) 8, Sq 
and S'^  i.e.
r ^  4.368
r - - S + 0 .5 7 ^  So+  0.47
holds true for rare earth metals and reference materials. The relations given above 
for r indicates that molecular constant, Sharma's dimensionless parameters S„ and 
S' and isochoric acoustical parameter 8 are interrelated.
The relations given by eqs. (2 1 ) - ( 2 7 )  above have special significance in relating 
various thermo-acoustical parameters w ith  a single parameter, namely, Moelwyn- 
Hughes parameter. These type of relations are very helpful in evaluating and 
understanding various properties whenever limited experimental data is available. 
The present treatment allows a convenient way for evaluating the microscopic 
Gruneisen parameter, Beyer's non-linearity parameter and other thermo-acoustic 
parameters through the Moelwyn-Hughes parameter, which has not, perhaps, 
been done so far for these materials. This offers further understanding of the 
significance of microscopic factors such as molecular order, intermolecular interac­
tions and anharmonicity of molecular vibrations, upon other macroscopic thermo­
acoustic properties of rare earth metals and reference materials.
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